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SUMMARY

The slender-horned spineflower (Dodecahema leptoceras) is a federally-listed
endangered species threatened by extinction due to rapid development in southern
California. It is an annual plant that grows in alluvial fan sage scrub between 390 and
730 m in the Peninsular and Transverse Ranges. We undertook an ecological analysis to
characterize the habitat of spineflower in eight of the nine known locations. The typical soil
for spineflnwer is a silt soil with pH of 6.4, low salinity and electrical conductivity (E.C.
of 164 mS). It has only 0.04 % total nitrogen, only 4 ppm available phosphorus, less than
1% organic matter, and a low cation exchange capacity. Furthermore, the variance of these
edaphic values was small. However, the plant co-occurs with a variety of other alluvial fan
plant species across the eight sites, so that sites look substantially different in their
dominant vegetation, including sites with .juniper, cottonwood, or no trees, and sites with
75% ground cover of cryptogamic crust, or virtually no crusts. None of the native species
associated with spineflower was found at all eight sites, so no indicator species can be
identified to detect spinel'lower habitat. Up to 11% cover of exotic grasses was found in
plots occupied with spineflower. Thus while we have characterized the habitat based on
edaphic factors, the associated plant species are variable.

We compared plots that were occupied and unoccupied by spineflower.
Unoccupied adjacent ploLs that appeared visually suitable typically had edaphic factors and
species composition that were not statistically different from occupied plots. Absence of
spineflower from these adjacent plots may be due to lack of dispersal, or to some
unmeasured edaphic or biotic factor. Distant, visually suitable plots were higher in N, P,
CEC, and organic matter and are therefore likely unsuitable. Restoration of spineflower
should occur in adjacent suitable plots or known historic localities, but the success of
restoration cannot be guaranteed with these unknown factors. Restoration can therefore be
used as an experimental technique to understand the realized niche of spineflower. Other
factors such as soil microorganisms, herbivory, and seed dispersal have not been studied
for this species, and would be useful information to understand the ecology and restoration
of this species. A geomorphic assessment is submitted under separate cover.
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INTRODUCTION

The slender-homed spineflower (Dodecahema leptoceras) is a federal and state-
listed endangered species found only in Southern California. It is threatened by extinction
due to rapid development in this region. The slender-homed spineflower occurs in alluvial
fan sediments between 390 m and 730 m (Table 1), in drainage systems of the Peninsular
(San Bemardino and San Jacinto) and Transverse (San Gabriel) Ranges of California. It
grows in regions that range from 36-44 cm annual precipitation, and about 18°C mean
annual temperature. It is a small-statured annual plant with remaining populations that are
spatially disjunct from one another (Fig. 1). Our objectives were to characterize the habitat
of this species to better understand why it selects these particular locations. Species select
habitat based both on the physical characteristics of the environment and the associated
biota. The constraints of the physical environment are considered the fundamental niche of
the species, while the associated species that compete with or consume the organism in
question define the realized niche (Malanson et al. 1992). Our efforts here were designed to
define the physical setting, including soils and geomorphology, and to measure the
associated plant species to begin to define the realized niche of this species. This
information can be used to manage the species where it occurs currently, and to restore it to
its former locations.

In theory, the fundamental niche is relatively simple to measure because it requires
measurements of the physical environment, but it excludes the biotic interactions. The
realized niche depends on complex interactions of biota and dispersal capabilities, and can
be measured by examining the habitat the species occupies (Westman 1991). The inability
to disperse to an area will also reduce the size of the realized niche. Inability to disperse can
potentially be tested by transplanting the species to a suitable area. If the organism survives
there, then dispersal, and not the environment, is the limiting factor. This could potentially
be studied by restoring the plant to an area, and has been done for the rare species
Amsinckia grandiflora in California (Pavlik 1993) and Erigeron kachinensis on the
Colorado Plateau (Allphin and Harper 1994). Both of these species were successfully
transplanted to former habitats or habitats that were predicted by measuring the
environment. Demographic studies that measure yearly variation in plant populations also
may shed light on the habitat requirements of organisms, and are the sul_iect of a study by
Nancy Ferguson and Dr. Richard Whitkus. Our objective here was to determine the
realized niche of spineflower.

Another reason we did the vegetation assessment is to understand the species
composition of plant communities that contain spineflower. We hypothesized that
spineflower might be associated with one or more "indicator" species that, within some
degree of statistical accuracy, would indicate that spineflower may be, or may once have
been, present. The notion of indicator species has become popular in conservation studies
(Kremen 1992, Weaver 1995). Spineflower occurs in alluvial fan scrub, and so may well
be associated with certain other plant species. However, alluvial fan scrub has been broken
down into several subassociations (Sawyer and Keeler-Wolfe 1995), and the habitat of
spineflower is widely distributed from Bee Canyon Creek to Arroyo Seco (Fig. 1). Where
potential indicator species are present but spineflower is absent, spineflower may once have
been present and can be restored to the location.

We did both a geomorphic and an ecological habitat assessment. The ecologicai
assessment is reported here, and the geomorphic assessment by Dr. Stephen Wells and
Yvonne Wood is under separate cover. The ecological assessment included characterization
of soil chemical and physical factors, and measurements of the surrounding plant
community. The geomorphic assessment was done to understand the flood regimes and
resultant terrace and bench morphologies of these drainage systems. Spineflower grows at



various distances from stream channels in the drainages, but the ages of the terraces were
previously unknown. This information is critical because it is likely that spineflower selects
habitat of certain successional ages. Where damming or other alteration of river systems
has occurred, new terrace deposits will no longer occur. Information about the terrace
ages, edaphic factors, and plant community characteristics should enable better
management of spineflower, both by conservation of existing habitat and potentially by
future restoration in suitable, but currently unoccupied, sites.

METHODS

Vegetation Analyses. Eight sites were surveyed for the slender-horned spinellower study.
These included two sites on the Santa Ana River, Orange Street and Cone Camp, and sites
at Tujunga Wash, Lytle Creek, San Jacinto River, Dripping Springs (Arroyo Seco), Bee
Canyon and Bautista Creek (Fig. 1). A ninth site, Temescal Canyon, was not evaluated
because we could not obtain access. All sites were selected with the assistance and advice
of the California Department of Fish and Game. Surveys were conducted between April 14
and May 19, 1995.

The vegetation survey was accomplished using two sampling techniques, plots and
point-intercept transects. The approximate boundaries of occupied patches within each site
were located using maps provided by CDFG. These patches were used as reference points
for both survey techniques.

At each site, percent cover was assessed in four different categories of plots for a
total of 25 plots. (1) Ten plots were occupied spineflower sites, (2) live plots were
suitable unoccupied sites (i.e. sites that appeared visually similar to occupied sites but did
not contain spineflower) that were adjacent (within l0 meters) to occupied sites, (3) five
plots were located in grassy sites that were adjacent (within 10 meters) to occupied sites,
but appeared otherwise suitable, and (4) live were suitable unoccupied sites that were
distant from the occupied sites (approximately I(X)meters). These plots were subjectively
located according to plot category requirements, and following discussions with Mary
Meyer of CDFG. The replicate plots were randomly placed at each location.

Percent cover of all vegetation was measured on each of the 25 plots, using a small
(25 cm x 50 cm = 0. 125 m 2)plot frame. To fulfill the "occupied" status, the plots were
required to contain a minimum of 5 individual spineflower plants each. This requirement
was easily met except at the Tujunga Wash site where it was necessary to drop to four
plants per plot in order to meet the need for 10 occupied plots. The total number of
spineflower were counted for each plot in addition to percent cover. All plant species that
fell within the plot frame were listed and included within the percent cover estimate. In
addition, % cover of bare ground, litter, and cryptogamic crust were noted.

Vegetation was also sampled using the point-intercept transect method, the Field
Sampling Protocol developed by the California Native Plant Society (Appendix 1). A 50
meter transect was located within the area of occupied spineflower populations and another
was located on a distant unoccupied site. Both transects were located in the same sites as
the occupied and unoccupied distant plots described above. Vegetation measurements were
taken at 0.5 meter intervals along the 50 meter transect. At each 1).5 meter interval, all
vegetation and ground cover that intercepted the transect was recorded as a "hit" by layer --
ground, herb, shrub or tree. Also, all additional species found within 2.5 meters on either
side of the tape were recorded separately and listed by layer.
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All plant species not readily identified in the field were collected and pressed. They
were later keyed out by Lucia Vazquez, technical assistant in Dr. Allen's laboratory, and
confirmed by Andrew Sanders, curator of the UCR herbarium.

Raw vegetation data (and soils data, below) were entered onto Excel spreadsheets
for analysis. The raw data were sent to Mary Meyer, CDFG, in September 1995.

Vegetation data were statistically analyzed using univariate and multivariate
statistics. Analysis of variance was used to compare among plant species groups that
occurred in the different plot categories, and to compare among soil factors. The least
significant difference (L.S.D.o.os) was used as a post hoc test to determine which
categories were significantly different (Steele and Torrie 1968). L.S.D.o.o5 bars are shown
in graphs, and L.S.D.o.o5 values are listed in tables as appropriate, t-tests were used to
compare species abundances along the transects in locations occupied or unoccupied by
spineflower. Two types of multivariate analyses were used, detrended correspondence
analysis and discriminant function analysis. More detailed information about the uses of the
statistical tests is described for each specific analysis in the results section.

Soil samnling and chemical analyses. Three (3) soil cores of 2 cm dia x 10 cm deep each
were taken from each of the 25 plots at each site. These were sieved and sent to the
University of California, Division of Agliculture and Natural Resources Analytical
Laboratory in Davis for the following analyses: total K.jeldahl nitrogen, bicarbonate
extractable phosphorus, organic matter by combustion, and cation exchange capacity
(C.E.C.). Analysis of pH, electrical conductivity (E.C.), and texture were done in Dr.
Allen's laboratory. The former two were done using a soil paste and measured with a
pH/EC meter, and texture was done by sieving followed by the Buoyucos hydrometer
method. All soil analyses were done using standard procedures (Carter 1993). The samples
analyzed in the Allen lab were combined by category, so four combthed samples
corresponding to the tbur plot categories were analyzed at each site. This was done because
pH, EC and texture are less likely to vary across small plots in a small sample area, and
because textural analyses are quite cosily. Soil chemistry was analyzed by the Division of
Agriculture and Natural Resources Analytical Laboratory of the University of California.
We prepared individual samples from each plot, so there were a total of 25 samples per
site. The samples analyzed by the Allen lab represent a mean of the plot categories, and
were statistically compared among the eight sites. For the analyses sent to the DANR Lab,
both within site and between site variances could be calculated.

RESULTS

Vegetation--Plot Data. The density of spineflower varied considerably in the occupied plots
at each site, from a mean value of about I(X)per ms to about 500 per ms at the eight sites,
while percent cover varied from 3.5 to 12.5% (Fig. 2). Bee Canyon had the highest density
and cover of spineflower, while Tujunga Wash had the lowest density and second lowest
% cover. The L.S.D. bars in Fig. 2 show the significant differences among mean values,
where the mean is significant at P = 0.05 if the difference between two means exceeds the
v',due of the bar. The measured plots had the highest densities and cover of spinel'lower that
could be found, because at each site the occupied plots were chosen to represent patches of
spineflower with high density. At some sites, no more than ten (I.125 m2 plots could be
located with our minimum density definition for occupied plots. At _dlsites the locations of
spineflower were restricted to a few isolated areas that were 10-20 m2,and patches of
spineflower were discontinuous within these areas. The data in Fig. 2 only represent local
density and cover of spineflower, and do not reflect the extent ol' spineflower patches
throughout each of the eight sample sites. For instance, Lytie Creek has a very small aerial
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extent of spineflower (Mary Meyer, personal communication), but has a very high density
of spineflower where it does occur.

The percent cover of the different species varied with site and plot category. Species
were grouped by life form and native/exotic origin for the univariate analyses (Appendix 2
and 3). The native forbs had up to 58% cover at the Bee Canyon suitable, unoccupied
adjacent plots, and as low as 1 percent at several sites (Fig. 3). Typically the plot category
with lowest native forb cover was the unoccupied grassy adjacent, but at Dripping Springs
the suitable distant plots had the lowest native t`orb cover (although not significantly so).
The occupied plots had either the highest or second highest percent cover of native forbs at
each site, and some of this was due to the presence of spineflower, but also due to other
native forbs. In each graph of Fig. 3 the L.S.D. bar shows which categories are
significandy different from the others. For instance, at Bautista Creek, there are no
significant differences, while at Cone Camp the suitable distant plots have significantly
higher native forb cover than the other three categories. In addition, the occupied and the
suitable ac[jacent plots have higher [orb cover than the unoccupied grassy adjacent plots.

Native grasses were not abundant at any of the eight sites, and were dominated by
Vu!pia octo¢lora (Fig. 4, Appendix 2). No perennial grasses were observed. The highest
native grass cover occurred at Tujunga Wash with about 11% cover on the suitable distant
sites, but some categories at some sites had no native grasses. Occupied sites had relatively
high, moderate, low, or no native grasses, so there seems to be no relationship of native
grasses with spineflower.

Exotic forbs, which were dominated by Erodiurn cicutarium, occurred at all of the
sites, but were especially low at the Orange St. site and relatively low at nearby Cone Camp
(Fig. 5). Exotic forbs occurred in occupied plots at all of the sites, but had the lowest,
highest, or intermediate cover on the occupied compared to the other plots. Therefore, there
is no relationship of spineflower with exotic forbs. However, Lyric Creek had the highest
exotic forb cover, and is the site that CDFG considers in the poorest condition with the
overall smallest remaining population of spineflower.

As expected, exotic grasses had highest cover on the unoccupied grassy plots, as
these plots were specifically chosen for grass cover (Fig. 6). Exotic grasses occurred in all
plot categories, including up to 11% in occupied plots with spineflower.

Ground cover of cryptogamic crusts was also assessed in each of the sites (Fig. 7).
These varied from virtually no presence of crusts in Tujunga Wash to 90% at Orange St.
Again, occupied plots range from 70% to no cover of cryptogamic crusts, so there appears
to be no relationship of spineflower with the crusts. There appears to be an inverse
relationship between cover of crusts and exotic grasses .just from examining Figs. 5 and 6,
but a regression of exotic grasses vs. cryptogamic crusts only had a r2 value of 0.032, and
P = 0. I 1. The low r2can be explained by the high variability, which was caused by the
large number of plots that had no crust formation at all, even at sites like Cone Camp and
Orange Street where crust cover was high in general. The plots with no crust at these sites
did not have high grass cover, and in addition many individual plots with high crust cover
also had high grass cover. The apparent inverse relationship that one can view from the
means in Figs. 5 and 6 does not hold statistically.

The data from Figs. 2-6 are summarized in Table 2, which shows the means of the
four plot types averaged across the eight sites. Overall, the exotic grasses are most
abundant in the unoccupied, grassy adjacent plots, not surprisingly so since these plots
were chosen lbr high grass cover. The exotic forbs were also significantly higher in the
grassy plots, while the native forbs were significantly lower in the grassy plots.
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Cryptogamic crust was lowest in the grassy plots. Exotic grasses likely invaded patches
where cryptogamic crusts were absent or destroyed. Exotic grasses invaded in the past
100-200 years, whereas cryptogamic crusts rake centuries to form. In other words, it is not
likel_¢that the opposite invasion took place, cryptogamic crusts invading into stands of
exotic grasses.

Vefletation--Transect Data. The plots were chosen to measure only herbaceous vegetation
that occurred between the shrubs and trees at each site. The transects were run to include
the larger-statured species, and to obtain a random sample of vegetation across the sites. A
list of shrub and tree species from the transects is presented in Appendix 4a and 4b, and
species groups in Appendix 5. The transects were placed over occupied and distant
unoccupied plot.s, and all species were counted within a 50 m X 5 m area (a belt transect).
The sites with highest species richness was Dripping Springs with 53 in the occupied, 32
in the unoccupied belt transect (Table 3). The high number of species was largely due to the
high number of native forbs, up to 35 at Dripping Springs. Six of the sites had higher
richness of species in occupied than unoccupied transects, although two of these (San
Jacinto and Tujunga) had only one more species in the occupied transect (accounting for the
presence of spinellower). One of the sites had equal richness (Cone Camp), and one had
lower richness ( Orange St.) in the occupied than unoccupied transects. The latter two were
the two sites on the Santa Ana River. The two sites with the largest increase in species in
occupied transects (Dripping Springs and Bautista) were also the narrowest washes where
a distant site that looked visually similar was difficult to locate. Thus there is no strong
evidence that occupied transects have more plant species. The lack of difference in richness
between occupied and unoccupied transects is perhaps not surprising, after considering the
50 m length of the transect compared to the size of spineflower patches, 5 - 20 m. Thus the
occupied transects also sampled large unoccupied areas.

The point cover values of the transects were statistically analyzed using a t-test to
compare occupied with unoccupied transects (Table 4). These showed no significant
differences in percent cover of any of the species groups, e.g., native grasses, shrubs, etc.
The exotic grasses had P = I).1)9,which, if a less rigorous significance level is accepted,
would imply higher exotic grass cover in occupied transects (62.5%) than unoccupied
transects (43.4%). Table 4 shows mean values, but the separate values for each site are
shown in Appendix 4. What is not apparent from this analysis, but can readily be seen in
Appendix 4, is that the shrub and tree layer consisted of different species at most of the
sites. Bautista Creek had cottonwood trees, the two Santa Aria Wash sites and Bee Canyon
had California.juniper, and Drippings Springs had coast live oak. The other sites had no
trees in the vicinity of the spineflower populations, but had varying shrub species. For
instance, five sites had Lepidospartum squamatum, and only three sites had Bebbia juncea
(Appendix 4a and 4b). As above for the small plot analyses where there is no evidence of
association of any herbaceous species group with spineflower, it also appears that
spineflower does not associate with any shrub or tree species of alluvial fan scrub in
particular.

Soil Analyses. The measured soil factors were remarkably similar among the eight sites,
but the suitable unoccupied distant plot category typically had higher values of N, P, CEC
and organic matter (Table 5). Even in those sites where there was not a significant
difference of a particular soil factor, such as Cone Camp, that factor most often had the
highest mean value in the suitable unoccupied distant plots. An overall analysis of all the
sites showed that all four of these factors were higher in the unoccupied suitable distant
plots (bottom of Table 5). The results suggest that, while the unoccupied suitable distant
plots looked similar visually, they were in fact different in several important soil factors,
and were perhaps actually unsuitable for spineflower for this reason. The only other factor
that stood out among the plot categories was significantly higher organi c matter in some of
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the grassy sites. The higher organic matter in some of the grassy sites may be a result o1'
grass invasion, as the grass plots had high cover and higher plant production than plots
dominated by native forbs.

Comparing among sites, the concentration of nitrogen was lowest at the Bautista
site with values of 0.(l16%, and highest at Dripping Springs with 0.055% in the occupied
plots (Table 5). However, both of these values are extremely low, and Dripping Springs
does not by any means have a high level of soil N. For instance, coastal sage scrub soils in
the area tend to have 0.20% total N (Nelson and Allen 1993, Marquez and Allen 1995).
The Bee Canyon site was also unusual in that it had the highest cation exchange capacity
(Table 5).

The textural analyses revealed the eight sites were ',alsoremarkably similar in soil
texture, all being silt or silt loams fusing a standard sod texture triangle) with a mean 85%
silt, 3% clay, and 12% sand (Tables 6 and 7). Bee Canyon had higher clay content than the
other sites, which may be the cause of higher cation exchange capacity and higher electrical
conductivity. Bee Canyon also had higher pH. The mean overall pH was slightly acidic at
about 6.5, and E.C. was low (a moderately saline E.C. value would be 2000 mS
(milliSiemen), and these all had values of about 300 mS or lower). There were no
significant differences among pH, E.C., or texture for any of the plot categories (Table 6).
No statistical analyses were done in Table 6 because the values shown are all from
composited soil samples as explained in the methods. However, statistical comparisons
could be made among sites, and there were no significant differences between plot types
among the sites (Table 6).

Multivariate Statistical Analyses. The multivariate analyses were used to show other
relationships that the univariate analyses of variance could not show, and to relate plant and
soil factors. An unanswered question about spineflower concerns the cause of its patchy
distribution in a landscape mosaic, containing many patches that appear identical to visual
inspection. If spineflower distribution was limited by association with other species due to
competition in a resource-poor environment, we hypothesized that certain species would be
good indicators for finding spineflower, or of potential spinel'lower habitat.

First we performed an ordination to determine the relative differences among the
four plot categories and among the eight sites as determined by their species percent cover
values. The ordination arranged the plot categories in relation to several coordinate axes,
such that their relative positions to the axes and to each other gives information about their
ecological similarity (See Figs. 9a-gf). Each axis corresponds to an eigenvalue calculated
from the species matrix. The matrix in this case was created by the percent cover values of
species in each plot category at each of the eight sites. We performed a detrended
correspondence analysis (DCA) because this overcomes the distortion of the axes inherent
in other ordination techniques (Gaugh 1982, Ludwig and Reynolds 1988).

Species percent cover data from the eight sites were analyzed using the
DECORANA statistical software (Hill 1979). The DCA was done for 3 l plant species
located in 200 plots (25 plots/site). Though 144 species were identified over all sites, only
those species occurring at mean abundance > 1% on the sites were included in the
analysis, leaving a total of 31 species. Species occurring with < 1% cover were judged too
rare to be significant indicators of habitat type or environmental parameters, and would
unduly influence the analysis if included. In addition, most of the rare species occurred in
only one or two sites, leaving many 11values in the data set. Deleting inabundant species at
some set value is the typical procedure when many rare species are present.
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Even after deleting rare species, a logarithmic transformation was needed to correct
for the skewed distribution of the 31 species percent cover data. There were still many
small values for inabundant species, and a few large values for abundant species. A
(In (y+I)) transformation was used on each of the remaining 31 species.

In addition to the transformation, inabundant species were 'downweighted' to
minimize the influence of species occurring in only a few sites. DCA is sensitive to species
occurring in a few sites, and these inabundant species, though maybe of high frequency,
were considered reflective of between-site heterogeneity and uot necessarily indicative of
microsite differences that might distinguish between plots occupied and unoccupied by
spineflower.

The DCA ordination was performed on log-transformed species data with
downweighting of rare species. This produced three axes with higher eigenvalues than an
ordination run on non-transformed data without downweighting. Large eigenvalues are
more likely to differentiate among the objects in DCA (in this study, the eight sites, four
plot categories, and species) than small eigenvalues. The results of the species DCA with
transformations and downweighting are shown in Figs. 8 and 9. The respective
eigenvalues of the first three eigenvectors are 0.6578, 0.5449, and 0.4016, respectively
(Appendix 6). These values reflect the dispersion of species scores on the corresponding
axis and are a measure of the relative importance of the axis. Values greater than 0.5
indicate good separation of species along axes. Certain species occurred at the extremes of
all axes indicating that they occupy the environmental extremes within sites (Fig. 8). The
exotic grasses Bromus tectorum, Bromus rubens. Vulpia myuros, Avena barbatus and
Bromus diandrus were at one end of the axes, while Schismus barbatus and the native
Calyptridium monandrum were at the other end of axes 1 and 2 (Fig. 8). The exotic
grasses were present at all of the sites, but abundant only in the grassy plots. Schismus
was present mainly at the more inland sites. Yucca whipplei is also at an extreme on all
axes but most likely because it is rare within spineflower microsites (though abundant in
some washes). This indicates that species associations do not reveal underlying
environmental gradients influencing the distribution of spineflower. The species DCA also
suggests there were no indicator species that co-occurred consistently with spineflower. To
interpret Fig. 8, it should be overlayed on Fig. 9. The occupied spineflower plots did not
cluster together (Fig. 9), and no species clusters are apparent in Fig. 8. This analysis only
included the herbaceous species from the plot analyses, and did not include the woody
species that were encountered in the line transects. However, the shrubs and trees also did
not characteristically co-occur with spineflower, with different shrub or tree species at
different sites (Appendix 4a, 4b).

Plot category distributions plotted on axes showed no discernible pattern (Fig. 9a
and 9b). Sample plots from the eight sites as well as the four plot categories were
intermixed and dispersed without any discernible aggregation across 'allthree axes
(comparing axis I with axis 2, and axis 1 with axis 3). Because there are 200 points (from
200 plots) in each of Figs. 9a and 9b, we divided the figures by sites (Figs. 9c-9f). These
show that the occupied plots (labelled 1) are always intermixed with the three categories of
unoccupied plots (labelled 2, 3, 4). The DCA did not differentiate the plot categories within
each site based on species differences among the plot categories. In other words, the plot
categories all had a similar species composition, and there were no indicator species that
specifically occurred only in spineflower plots.

There was also a large degree of overlap among the sites (Figs. 9b-9f). [Two sites
were graphed together per graph in Figs. 9b-9f. There is no particular order to the choice of
which sites were graphed together]. However, some sites can be differentiated from other
sites by examining these figures. For instance in Fig. 9c most Bee Canyon plots appear
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largely on the right side of the graph, and Bautista Creek plots appear on the left. The
univariate analyses have already established that there was not species overlap among all
the sites. The DCA an',dyses reflect the differences among dominant species at the different
sites. None of the sites stands out as a discrete scatter of points because many sites do have
some species in common.

A stepwise discriminant function analysis (DFA) was performed to relate the nine
edaphic factors to the four plot categories. DFA is used when a priori groups have been
identified, and the edaphic factors were used to determine whether these groups were
"correctly" identified. In this case, the groups were the four plot categories, and the edaphic
factors could be used to determine whether there were differences among the plot categories
based on differences in soils.

A stepwise DFA was performed using BMDP (1993) software for the nine edaphic
variables as follows: percent sand, silt, clay, nitrogen, organic matter, phosphorus pH, EC
and CEC. Samples for each a priori selected category were pooled resulting in 31 samples
over the eight geographic locations. The grassy unoccupied acljacent category was
excluded for the Bautista Creek site due to missing data (otherwise, there would be
4 categories X 9 factors = 32).

Percent organic matter was the sole discriminating factor (p=O.0102) with the
remaining eight measured variables providing no basis for separation of categories. Based
upon the percent organic matter in the soil, the overall correct classification of the four
groups was a modest 32.2%. After bias correction (.jackknife), percent correct
classification was reduced to 29.0%. Occupied and suitable unoccupied distant categories
showed 50% and 62.5% correct classification after the jackknife correction, while suitable
unoccupied adjacent and grassy categories showed no correct classification either before or
after the bias correction.

These results indicate that few significant differences exist among the a priori
category plot means for measured edaphic variables. Even organic matter, which was the
sole discriminating factor, was not significandy higher in the suitable unoccupied distant
plots for all sites (Table 5). Since some sites had significant differences in edaphic factors
among categories while others did not, they were not significant in a multivariate analysis.
However, exantination of the coefficienLs of variation (the ratio of the variance to the mean)
suggests that while category means may not differ significantly, the variances might. We
did an ANOVA of the variances [not the means, the variances] of the edaphic values of
each of the plot categories. The F-value for differences between category variances in
occupied and suitable unoccupied distant groups was significant for nitrogen and
phosphorus. This suggests that spineflower has a smaller range of tolerance for the
concentrations of nitrogen and phosphorus in soils. The mean is not as important as the
range of values in determining where this plant can live, and it has a low range of tolerance
within occupied sites.

DISCUSSION

Although spineflower appears to have very narrow edaphic requirements, it seems
to have a broad array of associated plant species. The typical soil for spineflower would be
silt soil rather than a silt loam with a slightly acidic pH of 6.4, and low electrical
conductivity (E.C. of 164 mS). It would have 0.04 % total nitrogen, 4 ppm available
phosphorus, less than 1% organic matter, :rod a fairly low cation exchange capacity (< 10
meq/100g). Furthermore, the variance of these values was tight. Unlike many plant species
which can be found in quite a range of environmental values around some mean value, all
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of the spineflower populations were in locations with values very similar to the mean
values. The higher clay content at Bee Canyon is an exception, and this soil is classified as
a silt loam. The other soil properties at Bee Canyon are quite similar, although it has and
therefore has similar water holding properties and as well as other chemical properties.

Comparing these soils to others in the region, they are typical for alluvium in the
high percentage of silt they contain (U.S.D.A. 197 I). The non-alluvial soils of the region
that support coastal sage scrub (CSS) vegetation are sandy loams, loamy sands, loams, and
clay loams. We did not find sandy soils in any of our plots, as was reported for Tujunga
Wash (Chadwick 1993, unpublished observation cited in Prigge et al. 1993). The silty
alluvium is very low in N, P and organic matter compared to the loams of local CSS soils,
which may have up to 0.2 % total N, 40 ppm bicarbonate extractable P, and 5% organic
matter (Nelson and Allen 1993, Cannon et al. 1995, Marquez and Allen 1996, Schultz
1996). The loams compared to the silty soils of our plots have similar pH and low E.C.,
but the C.E.C. of loam soils is higher.

Of the four plot categories sampled, only the suitable, unoccupied distant plots had
mean values of edaphic factors that were consistently significantly higher than the other plot
categories in most of the eight sites. Although the distant plot locations appeared similar to
the eye prior to any measurements and statistical analyses, they were in fact different in soil
properties. In locating the distant plot we looked for sites that were on the same terrace and
presumably were the same age, but may have actually sampled a different terrace of
different age in some of the smaller drainages, such zksBautista Creek. The occupied plots
and the adjacent unoccupied plots appeared to have similar microtopograpby, with
scattered, river-rounded cobble-sized rocks that in some cases formed rings around silt-
filled depressions containing spineflowers and/or other annual herbs. These depressions
were 1-10 m in diameter. Several of the distant sites did not conform to this
microtopography as well, as cobbles were often more frequent and had smaller silt-filled
basins in between. A more detailed microtopographic analysis would be useful to determine
the range of sizes of silt basins that spineflowers choose for habitat. In addition, we do not
know the depth of the basins nor the depth of the rooting zone of spineflower. Soil samples
were taken to only 10 cm depth, and additional root profiles were not dug because this is a
protected species. Soil profiles were done at two of the sites as part of the geomorphic
analyses (see report by Wells), but these could also not be done in occupied plots.
However, it is likely that rooks of this species are shallow since it is a slight-statumd
annual.

Although spineflower selects a very restricted edaphic habitat, it associates with a
range of plant species. The detmnded correspondence analysis showed no species was
characteristically associated with spineflower. The univariate analyses and the belt transects
showed no species was found associated with spineflower across all the sites (Appendix
4a, 4b). Different tree, shrub and herb species were present on the different sites. The fact
that cryptogamic crusts dominate in some sites but are nearly absent from other sites may
be related to the range of ages of the surfaces, as is detailed in the geomorphology report.
This suggests spineflower is associated with particular soils that may themselves have a
range of ages but in any case have the needed set o1'edaphic requirements for spineflower.

While the abiotic factors that define the fundamental niche of a species can readily
be measured, understanding the factors that determine the realized niche are still
problematic. The realized niche is determined in part by the edaphic factors and climate, and
also by the associated species, demography and dispersal. One group of species that could
limit the realized niche of spineflower are the exotic annual grasses. We assumed that there
would be an inverse relationship between exotic annual grasses and spineflower, but there
was no significant relationship. The.grassy plots had exotic grass cover that varied from 40
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to 80% (Fig. 6) but were unoccupied by spinetlower. The occupied spinellower plots had
low exotic grass cover, never higher than 11%. Some of the adjacent unoccupied plots had
up to 30% exotic grass cover, but some of them had less than 10% grass cover. Thus to
determine a threshold of grass cover for survival of spineflower, we would need to
measure a continuum of plots from occupied to unoccupied areas that contain exotic
grasses. Our plots were set up to maximize differences in categories, to determine whether
there were different edaphic factors that might control the different plant assemblages with
occupied, unoccupied, and grass stands. However, at this point it seems reasonable to
conclude that spineflower can withstand some low level of exotic grass competition within
the occupied plots.

Little is understood about spineflower reproduction or method of dispersal, but
demographic studies are being carried out by Nancy Ferguson and Dr. Richard Whitkus,
University of California, Riverside. Populations fuctuate yearly depending upon
precipitation and temperature during. Some patches appear to be stable over several years,
varying in their density with annual precipitation, while others virtually disappear in dry
years (Nancy Ferguson, personal communication), and still others are relatively new such
as colonists in tire tracks at the San Jacinto site (Mary Meyer, personal communication).
Because spineflower has such a narrow range of edaphic requirements for establishment,
dispersing seeds must randomly find specific locations with these characteristics to
establish a viable population. Similarly, researchers looking for suitable sites for restoration
would also have to find the silty soils that have these exact values of nutrients.

ff restoration of spineflower is a goal for the future, then the first step would be to
locate sites with the needed soil factors and with relatively low exotic grass cover. The
unoccupied adjacent suitable and the occupied sites were so similar in their edaphic factors,
that locating suitable adjacent sites for restoration purposes will entail some degree of risk.
Absence of spineflower from unoccupied sites may be due to lack of dispersal, or it may be
due to a difference in some unmeasured edaphic or biotic factor.

The lack of an indicator species to define spineflower habitat is disappointing, but
not surprising. Species turnover is expected across any large gradient, in this case the range
of spineflower across longitude, latitude, and elevational changes. The one native species
that all of these sites have in common is spineflower. The scale of locating indicator species
is very important (Kremen 1992). We believe examining co-occuring species within plots
and belt transects is the aprropriate scale here, as these represent the microsites in which
spineflower grows.

The optimal strategy is to find historic evidence of spinefower exismnce, and then
relocate the plants there. In many cases the sites have been destroyed by development,
especially gravel mining. Establishing a rare species thto a site where it does not occur
now, and where there is no historic evidence of occurrence, is a risky undertaking. Lack of
a plant in a certain area may be due to one of two reasons, either the environment is
unsuitable, or the plant has not dispersed to that area. In the case of microsites [or
spineflower, additional adjacent sites could likely be found that have appropriate soil
conditions. If the Department of Fish and Game decides to use restoration as a management
tool, we recommend initial small scale restoration experiments that transplant seeds to
nearby microsites with known edaphic factors. Observations of the success of these
transplants will increase our understanding of the realized niche of this plant. Such
transplants of rare species have been done successfully in a few cases, and are heartening
examples of what can be done if the habitat :rodprior locations of a plant are well studied
(Pavlik 1993, Allphin and Harper 1994).
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One other area of research that was not touched upon here is soil and root
microbiology of spineflower. Spineflower is a member of the Polygonaceae family, of
which many annual members do not form mycorrhizae. However, we did not examine the
roots of spineflower, as we do not have a permit to destructively sample the plant. Many
other annual colonizing species do not form mycorrhizae, and in fact they may be inhibited
in their growth by large quantities of mycorrhizal inoculum in the soil. All of the exotic
grasses do form mycorrhizae, and they may have high inoculum density in their
rhizospheres. Thus competition from annual grasses may be compounded by the high
inoculum density. Before restoration is attempted, we recommend an assessment of
mycorrhizae of spineflower and of inoculum density in different microsites.

Conclusions

• The microhabitats of spineflower appear to be basins filled with silty soil and surrounded
by rounded cobbles.

• Within these microhabitats, spineflower grows in a very restricted range of soil factors in
riverbed alluvium that is high in silt and low in nutrients and organic matter.

• Spineflower is associated with a wide range of plant species of alluvial fan scrub,
including different dominant species of trees, shrubs and herbs on the eight different sites.
No consistent indicator species co-occur with spineflower.

• Spineflower co-occurs with exotic grass species, but where percent cover of exotic
grasses is very high, few spineflower plants are found.

• Experiments on restoration of plants into apparently suitable sites could be used to
understand the interactions of biotic and abiotic factors On the distribution of this plant.

• No information is available on the soil microbiology or mycorrhizal status of this species,
that might help in managing or restoring it.
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Fig. 1. Map showing historic and extant localities of slender-horned spineflower, and the
eight locations where it was studied. Map provided by California Department of Fish and
Game.

1) Bautista Creek
2) Bee Canyon Creek
3) Cone Camp on the Santa Ana River
4) Dripping Springs on Arroyo Seco Creek
5) Lytle Creek
6) Orange St. site on the Santa Aria River
7) San Jacinto Wash
8) Big Tujunga Wash



......... . :l:,,." :'-I :::7:::".... -
• ";_:::7%_T:_ • ;;i: . >> 1¢ . . h r ¸ - •

...... :,_ ,,_E;:}I_:Z::/: _, :: L._ 1'" _' '_;:_:_........ _,_ .........::,:, :,.,,= ....._,O _,.',:, .,,,,,
-' "-.-=.i _..,.::.... " _"

0 " :.'LI = _

_. -_

_ .......:_ : oi -_ _ __©
•._ ..... "-" ...... , =" I _ ..f < _

- o I .
.=1

"_ _ O -_ ._1 " ": _'. - ' _" 1 _--_

"<> o..,::r .i ' ,' _-_ /
.... .*__ _ , r./ _ /-_
: _- I -_ o_ _ /_
oe - '_ " i _ /-

...... I _ ": "--. ; _ /-=

._ _ --, _ _;_ _ /
::;::, _ .:__: \,_ ..j ÷" --.>/

.......... " '_- ' : --" _ -'" J"'_' /i

::::; _. *, :.. _ "._ - _. /._._ ....... '- I --" _ _ ./.-_+ -- --
': _-,"... u_ i _ _ "_ /

... _ .... = , - <_ .# _ .-

:.;_ _ _ ©_ I__- # :'
::._. .... • . -_ _ _ ._---;.--. .__--
......_ .O _ "" : -3 "

• .:__ . ._.. _ _ -
"_ -_. "-4 _ _ E _ ,=

. _ -"-_ _ ,,, ,

• _: -
- _ t "_ "/ '=

• O_ ': _ _-o ,
.,, _ _ / .'.:- _ .'= ."

_._.e-.=_... _ I _:

_=I=e z ._.---

I _ \\.



600

500  +i+i iiii
400-

3oo-_ iiiiiiii
iiiiii_ +"" iiiiii

_8 o_

15 -- -- --

_o

i!i!i!i!J

i 7 "l.... :++ i

+m+5+_eeg_ _3z__8 ° o<

Fig 2. Density per m 2 and percent cover of slender-horned spineflower at eight sites. Error bars are
L.S.D.0.05. The L.S.D. shows significant difference at P =0.05 between any two column means if the
difference between those two means exceeds the value of the bar.
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significance difference at P = 0.05 between any two column means if the difference
between those two means exceeds the value of the bar.
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